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1,4-DIHYDROPYRIDINE DERIVATIVES 



The present invention relates to novel 1,4-aihydro- ' 
pyridine dicarboxylic acid nitratoalkyl esters which have high 
and sustained vasodilatatory activity when administered orally 
or parenterally. In particular, the structures of the 
vasodilatatory active compounds of the present invention are 
characterized by having one or two nitratoalkyl esters at the 
3- and/or 5-positions of the 1,4-dihydropyridine. 

The compounds of the present invention are represented 
by the formula 




ROOC n^^\^COOR 1 



wherein R is alkyl having 1 to 4 carbon atoms or nitratoalkyl 
having 2 or 3 carbon atoms, and R' is nitratoalkyl having 2 or 
3 carbon atoms. 

The terra "alkyl having 1 to 4 carbon atoms" refers to 
straight or branched chain alkyl. 

Preferred compounds of formula I are those wherein R 
and R\ which may be the same or different, are each nitrato- 
alkyl having 2 or 3 carbon atoms, and the nitro is at the 2-or 
3-position of the phenyl ring. 
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The compound of formula I can be prepared as follows: 
Namely, a mixture of a nitrobenzaldehyde of the formula 




II 



CHO 

a compound of the formula 

CH3COCH 2 COORf 111 
wherein R 1 is as defined above, and a 3-aminocrotonic acid 

ester of the formula 

CH 3 C=CHC00R IV 

NH 2 

wherein R is as defined above is dissolved in an organic 
solvent or water, and then heated at reflux for few hours to 
give the compound of formula I. 

Examples of the organic solvent are ethanol, isopropyl 
alcohol, dioxane, tetrahydrof uran, benzene, dimethylformamide, 
acetonitrile and xylene. 

Alternatively, the compound of formula II is reacted 
with the compound of formula III in the organic solvent 
described above or water in the presence of a basic catalyst 
at 0 - 110 °C for few hours, and the resulting ester of the 
formula 

\L/ COOR' 
N0 2 

wherein R' is as defined above, is then reacted with the 
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compound of formula IV at a temperature of 50 - 100 °C, 
preferably 80 - 90 °C to give the compound of formula I. 

Examples of the basic catalyst are secondary amines 
(e.g. piperazine, morpholine and diethylamine) , alkali 
alkoxides(e.g. sodium ethoxide) and sodium hydroxide 

The compound of formula I wherein R and R' are both 
nitratoalkyl can be also prepared by heating a mixture of the 
compound of formula II, the compound of formula III and 
ammonia -in an organic solvent described above or water at a 
reflux temperature. 

The compound of formula I thus obtained can be 
purified by a conventional manner such as extraction, column 
chromatography and/or recrystallization. 

The compound of formula III can be prepared by 
reacting diketene with an alcohol of the formula 

R'-OH 

wherein R' is as defined above, in the presence of a basic 
catalyst at 40 - 100 °C, preferably 45 - 55 °C. 

Examples of the basic catalyst are trie thy lamine, 
sodium acetate and alkoxide. 

The compound of formula III wherein R' is nitratoalkyl 
can be also prepared by a method which comprises reacting 
diketene with an alcohol of the formula 

R"-0H 

wherein R n is haloalkyl wherein the alkyl moiety is that of 
the nitratoalkyl as defined for R 1 in the presence of a basic 
catalyst described above at 40 - 100 °C, preferably 45 - 55 
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°C, and then reacting the resulting ester with silver nitrate. 

The compound of formula IV can be prepared by bubbling 
ammonia gas into a solution of acetoacetate of the formula 

CH3COCH2COOR 

wherein R is as defined above, in an organic solvent such as 
ether, tetrahydrofuran, ethanol and benzene with stirring 
under ice-cooling. 

The compounds of formula I of the present invention 
have high and sustained vasodilatatory activity, therefore, 
they are useful as therapeutic agents for cardiovascular 
disorders such as coronary artery disease, cerebral artery 
disease, hypertension and the like in mammals. For the 
purposes, the compounds of formula I may be administered 
orally, parenterally or topically in conventional dosage form 
such as tablets, granules, powders, capsules, ampoules, 
suppositories, ointments and adhesive plasters prepared 
according to conventional pharmaceutical practices. 

The effective dosage of the compound of the present 
invention depends on the age, weight or response of patient. 
Generally, however, the daily dosage in adults may range from 
0.01 to 10 mg/kg by intravenous administration, and 0.05 to 20 
mg/kg by oral administration. 

The present invention will now concretely be 
illustrated with reference to Test Examples which show 
pharmacological effect and toxicity of the compounds of 
formula I, Referential Examples in which processes for ■ 
preparing the starting materials are described, Examples in 
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which processes for preparing the compounds of formula I are 
described. 

Test Example 1 

Vasodilatator effect of the compound of formula I was 
examined using following controls; 2,6-dimethyl-4-(2- 
nitrophenyl)-l,4-dihydropyridine-3,5-dicarboxylic acid 
dimethyl ester [U.S. Patent No. 3,485,847; generally known as 
nifedipine; hereinafter referred to as Control 1]; 2,6- 

dimethyl-4-(2-nitrophenyl)-l / 4-dihydropyridine-3,5-dicarboxylic 
acid bis(2-nitroethyl) ester (German Patent Laid-open No. 
2847236; hereinafter referred to as Control 2); and, 2,6- 

dimethyl-4-(3-nitrophenyl)-l,4-dihydropyridine-3,5-dicarboxylic 
acid bis(2-nitroethyl) ester ( ibid.; hereinafter referred to 
as Control 3.) 

Groups each consisting of 8 male and female mongrel 
dogs (10 to 15 kg body weight) were anesthetized with 
pentobarbital sodium (30 rag/kg, i.v.), operated for 
measurement of various arterial blood flow, and at 30 mir.ates 
after operation administered respectively every different 
drugs (0.3 ^g) according to the method described below. 

After administration, the blood flow through each 
artery was measured as the magnitude of the maximum dilatation 
using the method described below. 

As for the coronary artery thoracotomy was conducted 
under artificial respiration, and the heparinized blood was 
introduced from the left common carotid to the left anterior 
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descending artery via an extracorporeal circulatory path. A 
drug was injected into the catheter placed in the circulatory 
path and blood flow was measured by means of an 
electromagnetic flowmeter. The flow probes were inserted 
into the circulatory path. 

As for the vertebral artery, an extracorporeal 
circulatory path was formed in the right vertebral artery and 

a drug was injected into the catheter placed in the 

circulatory path for measurement of blood flow by means of an 

electromagnetic flowmeter. 

As for the femoral artery, a drug was injected via a 

cannula inserted in the branch of the artery and blood flow 

was measured using an electromagnetic flowmeter whose flow 

probe was connected to the femoral artery. 

Vasodilatatory effect of the drugs are expressed as 

the increase in blood flow caused by the administration of the 

drugs. 
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Vasodilatator effect (maximum relative activity) 



Sample 


Coronarv 
artery 


artery 


r emoraj. 
artery 


Control 1 


1.00 


1.00 


1.00 


Control 2 


0.60 


0.28 


0.20 


Control 3 


0.09 


0.07 


0.06 


Compound 1 


1.27 


1.57 


1.33 


Compound 2 


1.31 


1.24 


1.46 


Compound 3 


1.20 


1.50 


1.00 


Compound 4 


1.47 


1.18 


2.36 


Compound 5 


1.15 


1.15 


1.89 


Compound 6 


1.16 


1.18 


1.87 


Compound 7 


1.14 


1.19 


1.64 



Note) 

Compound 1: 2,6-dimethyl-4- (3-nitrophenyl) -1,4-dihydro- 

pyridine-3,5-dicarboxylic acid 3-ethyl ester-5-(2- 

nitratoethyl) ester 
Compound 2: 2,6-dimethyl-4-(2-nitrophenyl)-l,4-dihydro- 

pyridine-3,5-dicarboxylic acid 3-ethyl ester-5-(3- 

nitratopropyl) ester 
Compound 3: 2,6-diemthyl-4-(2-nitrophenyl)-l,4-dihydro- 

pyridine-3,5-dicarboxylic acid bis(2-nitratoethyl) 

ester 

Compound 4: 2,6-dimethyl-4- (2-nitrophenyl) -l f 4-dihydro- 
pyr idine-3 ,5-dicarboxylic acid 3-(2-nitratoethyl) 
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ester-5-(3-nitratopropyl) ester 
Compound 5: 2,6-dimethyl-4-(3-nitrophenyl)-l,4-dihydro- 

pyridine-3,5-dicarboxylic acid 3- (2-nitratoptopyl) 

ester-5-(3-nitratopropyl) ester 
Compound 6: 2,6-dimethyl-4-(3-nitrophenyl)-l,4-dihydro- 

pyridine-3,5-dicarboxylic acid 3-(l-nitrato-2- 

propyl)ester-5-(3-nitratopropyl) ester 
Compound 7: 2,6-dimethyl-4-(3-nitrophenyl)-l f 4-dihydro- 

pyridine-3,5-dicarboxylic acid 3-(2-nitratoethyl) 

ester-5-(2-nitratopropyl) ester 

Test Example 2 

Vasodilatator and hypotensive effects of control 1, 
compounds 4 and 5 were studied. Groups each consisting of 6 
male and female mongrel dogs (8 to 18 kg body weight) were 
anesthetized with pentobarbital sodium (30 mg/kg i.v.). 
Compounds were administered intravenously. 

Aortic blood pressure was measured with a pressure 
transducer connected to a rigid polyethylene tubing introduced 

via a femoral artery. 

As for the coronary artery, the left circumflex artery 
was dissected from surrounding tissue at the proximal portion 
and an electromagnetic flow probe was placed at round it under 
open chest and artificial respiration. 

Coronary blood flow was measured by means of an 

electromagnetic flowmeter. 

As for the vertebral artery, the blood flow was also 
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measured by means of an electromagnetic flowmeter under 
spontaneous respiration. 

Each drug, dissolved in 50 percent ethanol(500 pg/ml) , 
was injected via femoral vein. 

As a result of the above tests, the ratio of the 
decrease in blood pressure caused by the administration of 
control 1 : compound 4 : compound 5 was 1 : 2.5 : 2. 

Furthermore, the ratio of the increase in coronary 
blood flow as well as vertebral blood flow caused by the 
administration of control 1 : compound 4 : compound 5 was 
nearly the same in the case of the decrease described above. 

Test Example 3 

Hypotensive effects of control 1, compounds 4 and 5, 
orally administered, were studied in conscious dogs. 

The experiments were performed on 18 dogs consisting 
of 11 mongrel and 7 beagle dogs (7 to 15 kg body weight) of 
either sex. Under thiopental sodium (25 mg/kg i.v.) 
anesthesia, an arterial catheter was introduced into the 
descending aorta via a femoral artery and was exteriorized at 
the neck of the dogs. Aortic blood pressure was measured with 
a pressure transducer connected to the arterial catheter. 

The experiments were initiated 7 days after surgery. 
Each dog was employed twice to four times every a few days 
during the experiments. 

The compounds were dissolved in polyethylene glycol 
400 (volume 10 mg/kg ) and administered p.o. (0.6 mg/kg, 1 
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mg/kg ) in gelatine capsules. Aortic blood pressure and 
heart rate were monitored in conscious (unrestrained) dogs. 

The magnitude of hypotensive action of compound 4 and 
5 was almost the same as that of control 1, but the duration 
of the action of compounds 4 and 5 was 1.5 to 2 times longer 
than that of control 1. 

Test Example 4 

-The subacute oral toxicity of compound 5 was 
investigated in male Wis tar rats. 

Groups of six male rats received orally compound 5 
once daily, at doses of 30, 100 and 300 mg/kg/day for 14 
consecutive days. No death occured during the study. A 
reduced body weight gain in the males of 300 mg/kg/day, was 
considered to be caused by decrease of food intake. However, 
macroscopic examination at necropsy did not reveal any 
treatment related changes. 



Referential Example 1 

(1) To 30 g of ethylene bromobydrin in ice bath were added 
by turns 22 g of diketene and 1.5 g of triethylamine with 
stirring while the reaction temperature was controlled at 30 - 
40 °C. The reaction was continued at room temperature for 3 
hours. To the reaction solution was added dichlorome thane, 
the mixture was washed successively with diluted hydrochloric 
acid, a saturated aqueous sodium hydrogencarbonate solution 
and water and dried over anhydrous sodium sulfate. The 
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solvent was distilled off ana the residue was purified by 
distillation to obtain 45.3 g of 2-bromoethyl acetoacetate. 

bp 4 104 - 107 C C 
(2) To a solution of 85.4 g of silver nitrate in 250 ml of 
acetonitrile was added dropwise a solution of 70 g of 2- 
bromoethyl actoacetate in 50 ml of acetonitrile with stirring. 
The reaction was continued at room temperature for 2 days. 
The reaction mixture was heated at reflux for 2 hours, poured 
into ice water and extracted with ether. The ether layer was 
washed with a saturated aqueous sodium chloride solution and 
dried over anhydrous sodium sulfate. The ether was distilled 
off to give 58.5 g of 2-nitratoethyl acetoacetate. 

NMR (CDC1 3 ) 

J: 2.25 (3H, s, -COCH3), 3.47 (2H, s, -C0CH 2 C0 2 -) , 
4.38(2H, m, -CH 2 ON0 2 ), 4.60(2H, m r -C0 2 CH 2 -) 

IR KIT cnrl ! 1750 (C0 2 H), 1715 (CO), 1630, 1280, 

850(ONO 2 ) 
MS m/e : 191 (M+) 

Referential Example 2 

An ammonia gas was bubbled through a solution of 40 g 
of 2-nitratoethyl acetoacetate in 40 ml of tetrahydrofuran 
under ice-cooling with stirring for 8 hours and the reaction 
mixture was left to stand for an hour. The solvent was 
distilled off to obtain 30 g of 2-nitratoethyl 3-amino- 
crotonate. 

NMR (CDCI3) 
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5: 1.90(3H, s, CH 3 C(NH 2 )=), 4.20 - 4.47 (2H, m, 
-C0 2 CH 2 -), 4.48 - 4.77 (2H r m, -CH 2 ON0 2 ) 
IR V neat cm-1 : 3460, 3420, 1555(-NH 2 ), 

1660 (-C0 2 -), 1625, 1270, 850 (ON0 2 ) 

MS ra/e : 190 (M+) 

Referential Example 3 

To 25 g of 2-nitratoethanol were added by turns 20 g 
of diketene and 1 g of triethylamine under ice-cooling with 
stirring while the reaction temperature was controlled at 30 - 
40 °C. The reaction was continued at room temperature for 3 
hours. To the reaction solution was added dichloromethane, 
the mixture was washed successively with diluted hydrochloric 
acid, a saturated aqueous sodium hydrogencarbonate solution 
and water and dried over anhydrous sodium sulfate. The 
solvent was distilled off to give 35.8 g of 2-nitratoethyl 
acetoacetate. 

The physical constants of the product are the same as 
those in Referential Example 1(2). 

Referential Example 4 

(1) 90 g of 3-bromopropanol was added to 8 g of sodium 

acetate, to which 59.8 g of diketene was added dropwise 
controlling the reaction mixture at 40 - 50 °C. The mixture 
was further stirred at room temperature for 3 hours. The 

* 

reaciton mixture was poured into ice water containing a 
diluted aqueous sodium hydroxide solution. The mixture was 
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extracted with dichloromethane ana the dichloromethane layer 
was washed with a saturated aqueous sodium chloride solution 
and dried over anhydrous sodium sulfate. The solvent was 
distilled off to obtain 102.6 g of 3-bromopropyl acetoacetate. 

bpj^ 109 - 113 °C 
(2) To a solution of 107 g of silver nitrate in 500 ml of 
acetonitrile was added dropwise 100 g of 3-bromopropyl 
acetoacetate with stirring. The mixture was left to stand 
overnight, heated at reflux for 2 hours poured into ice water 
and extracted with ether. The ether layer was washed with a 
saturated aqueous sodium chloride solution and dried over 
anhydrous sodium sulfate. The ether was distilled off to 
give 88 g of 3-nitratopropyl acetoacetate. 

NMR (CDC1 3 ) 

£: 2.07(2H, m, -CH 2 CH 2 CH 2 -) , 2.23{3H, s, -COCH3) , 
3.43 (2H, s, -COCH 2 C0 2 -) r 4.20 (2H, t, J=6Hz, 
-C0 2 CH 2 -), 4.50(2H, t, J=6Hz, -CH 2 ON0 2 ) 
^HSir Cnrl : 1745 (C0 2 H), 1715 (CO), 1625, 1280, 

860(ONO 2 ) 
MS m/e : 205 (M+) 

Referential Example 5 

An ammonia was bubbled through a solution of 30 g of 
3-nitratopropyl acetoacetate in 35 ml of tetrahydrofuran under 
ice-cooling with stirring for 8 hours. The mixture was left 
to stand for an hour. The solvent was distilled off to 
obtain 26 g ;of 3-nitratopropyl 3-aminocrotonate. 
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NMR (CDCI3) 

g: 1.83 - 2.30 (2H r ra, KM 2 CH 2 CH 2 ON0 2 ) , 1.93 (3H, s, 
-CH 3 C(NH 2 )=) , 4.17(2H, t f J=6Hz, -C0 2 CH 2 -) , 
4.57 (2H r t, J*6Hz # -CH 2 ON0 2 ) 

IRy max t cnrl : 3460 ' 3420 ' 1555 (-NH 2 ), 1655(-C0 2 -), 

1615 f 1270, 860{ONO 2 ) 
MS m/e : 204 (M+) 

Referential Example 6 

(1) 0.7 g of sodium acetate was added to 7.5 g of 2- 
chloropropanol, to which 7.4 g of diketene was added dropwise 
with stirring while the reaction temperature was maintained at 
40 - 50 °C. The reaction mixture was stirred at room 
temperature for an additional 2 hours and then worked up in 
the manner described in Referential Example 4. The 
resulting crude product was purified by distillation to obtain 
9.8 g of 2-chloropropyl acetoacetate. 

bp 5 88 - 92 °C 

(2) 26.7 g of pyridine was added to a solution of 54 g of 
silver nitrate in 300 ml of acetonitrile, to which 40 g of 2- 
chloropropyl acetoacetate was added dropwise with stirring. 
The mixture was heated at reflux for 10 hours, poured into ice 
water and extracted with ether. The ether layer was washed 
w ith a saturated aqueous sodium chloride solution and dried 
over anhydrous sodium sulfate. The ether was distilled off 
and the resulting residue was subjected to column 
chromatography on silica gel (n-hexane - acetone = 3 : 1) to 
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give 17 g of 2-nitratopropyl acetoacetate. 
NMR (CDCI3) 

5: 1.23 - 1.43(3H, m, 0 2 NOCHCH 3 ) , 2.27 (3H, s, 
-COCH3), 3.47(2H, d, J=2Hz, -COCH 2 C0 2 -) r 4.17 - 
4.63(2H, m, -C0 2 CH 2 -) , 5.00 - 5.60(1H, m, GH0N0 2 ) 
IR ^ax fc cm_1 ! 1740(CO 2 H) f 1710 (CO), 1615, 1280, 

860(ONO 2 ) 
MS m/e : 205 (M+) 
-bp 8 113 - 119 °C 

Referential Example 7 

4.1 g of sodium acetate was added to 55 g of 2- 
nitratopropanol, to which 46.2 g of diketene was added 
dropwise while keeping the reaction temperature at 40 to 50 °C 
with stirring. The stirring was continued for an additional 
1 to 2 hours at room temperature. The reaction mixture was 
poured into a saturated aqueous sodium hydrogencarbonate 
solution, and extracted with ether. The ether layer was 
washed with a saturated aqueous sodium chloride solution, 
dried over anhydrous sodium sulfate, and the solvent was 
evaporated to give a residue which was then subjected to 
column chromatography on silica gel (eluted with n-hexane - 
dichloromethane = 1 : 1) to give 89.7 g of 2-nitratopropyl 
acetoacetate. 

The physical constants of the product are the same as 
those in Referential Example 6(2). 
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Referential Example 8 

Following the reaction and working up similar to those 
of Referential Example 4 and using 21 g of l-nitrato-2- 
propanol, 1 g of sodium acetate and 17 g of diketene, there 
was obtained 27.7 g of l-nitrato-2-propyl acetoacetate. 

NMR (CDC1 3 ) 

5: 1.28(3H, d, J=5Hz, CHCH3) , 2.23(3H, s, -COCH3) , 
3.44(2H, d, J=2Hz, -COCH 2 C0 2 -) , 4.13 - 4.60(2H, 
M, -CH 2 ON0 2 ), 4.93 - 5.50(1H, m, C0 2 CH) 
IKVZtV' cm" 1 : 1745(C0 2 H), 1715(CO), 1630, 1280, 

max 

850(ONO 2 ) 
MS m/e : 205 (M+) 



Example 1 

In 30 ml of isopropyl alcohol were dissolved 1 g of 
2-nitratoethyl acetoacetate, 0-68 g of ethyl 3-aminocrotonate 
and 0.79 g of 3-nitrobenzaldehyde. The solution was heated 
at reflux for 3 hours. The solvent was distilled off and 
the residue was poured into water. The mixture was 
extracted with dichlorome thane and the dichloromethane layer 
was washed with water and dried over anhydrous sodium sulfate. 
The solvent was distilled off and ether was added to the 
residue to produce crystals, which was then recrystallized 
rrom acetone - n-hexane to give 1.17 g of 2,6-diemthyl-4-(3- 
nitrophenyl)-!, 4-dihydropyridine~3,5-dicarboxylic acid 3-ethyl 
ester-5- (2-nitratoethyl) ester. 

m.p. 146 - 147 °C 
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Example 2 

In 30 ml of isopropyl alcohol were dissolved 1.2 g of 
2-nitratoethyl acetoacetate, 0,73 g of methyl 3-aminocortonate 
and 0.95 g of 2-nitrobenzaldehyde. The solution was 
subjected to reflux, extraction, washing, dryness and 
evaporation of the solvent in the manner described in Example 
1, and the resulting residue was subjected to column 
chromatography on silica gel (eluted with n-hexane - acetone = 
5 : 2) and recrystallized from ether -petroleum ether to give 
0.87 g of 2,6-dimethyl-4-(2-nitro-phenyl)-l,4-dihydropyridine- 
3,5-dicarboxylic acid 3-methyl ester-5-(2-nitratoethyl) ester. 

m.p. 110 - 111.5 °C 
Example 3 

In 30 ml of isopropyl alcohol were dissolved 1 g of 2- 
nitratoethyl acetoacetate, 0.75 g of isopropyl 3-amino- 
crotonate and 0.79 g of 2-nitrobenzaldehyde. The solution 
was treated in the manner described in Example 1 and the 
resulting residue was subjected to column chromatography on 
silica gel (eluted with n-hexane - acetone =5:2) and 
recrystallized from ether - petroleum ether to obtain 0.75 g 
of 2,6-dimethyl-4-(2-nitrophenyl)-l,4-dihydropyridine-3, 5- 
dicarboxylic acid 3-isopropyl ester-5-(2-nitratoethyl) ester. 

m.p. 142 - 144 °C 

Example 4 

In 30 ml of isopropyl alcohol were dissolved 1.5 g of 
2-nitratoethyl acetoacetate, 1.3 g of isobutyl 3- 
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arainocrotonate and 1.2 g of 3-nitrobenzaldehyde. The 
solution was treated in the manner described in Example 1, the 
resulting residue was then subjected to column chromatography 
on silica gel (eluted with n-hexane - acetone =3:1), and 
recrystallized from ether - petroleum ether to give 1.1 g of 

2 f 6-dimethyl-4-(3-nitrophenyl)-l r 4-dihydropyridine-3,5-dicarboxyl 
acid 3-isobutyl ester-5- (2-nitratoethyl) ester, 
m.p. 114 - 116 °C 

Example 5 

In 30 ml of isopropyl alcohol were dissolved 1 g of 3- 
nitratopropyl acetoacetate, 0.63 g of ethyl 3-aminocrotonate 
and 0.74 g of 2-nitrobenzaldehyde. The solution was treated 
in the manner described in Example 1 to obtain a residue, 
which was then subjected to column chromatography on silica 
gel (eluted with n-hexane - acetone = 5 : 2) to obtain 0.75 g 
of viscous 2,6-dimethyl-4-(2-nitrophenyl)-l,4-dihydropyridine- 
3,5-dicarboxylic acid 3-ethyl ester-5-(3-nitratopropyl) ester. 
NMR (CDCI3) 

5: 1.15 (3H, t, J=7Hz, -CH 2 CH 3 ) , 1.98 (2H, m r 

--CO2CH2CH2CH2-) , 2.32{6H, s r -CH 3 at the 2,6- 
positions), 3.8 -4.5(6H, -CO2ZCH2- x 2) 
IRfJJ^ cm-* : 3320( NH) , 1685, 1300, 1210(-CO 2 -), 

1625, 1275, 855(ON0 2 ) 
MS m/e : 449 (M+) 



Example 6 
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In 70 ml of isopropyl alcohol saturated with ammonia 
were dissolved 5 g of 2-nitratoethyl acetoacetate and 2 g of 
2-nitrobenzaldehyde. The solution was heated at reflux for 
5 hours and then treated in the manner described in Example 1 
to give 2.51 g of 2,6-dimethyl-4- (2-nitrophenyl) -1,4- 
dihydropyridine-3,5-dicarboxylic acid bis (2-nitratoethyl) 
ester. 

m.p. 131 - 132 °C 



Example 7 

In 30 ml of isopropyl alcohol were dissolved 2 g of 3- 
nitratopropyl acetoacetate and 0.74 g of 2-nitrobenzaldehyde. 
To the solution was added 4 ml of isopropyl alcohol saturated 
with an ammonia gas at 10 °C. The mixture was treated in 
the manner described in Example 1 to obtain a residue, which 
was then subjected to column chromatography on silica gel 
(eluted with n-hexane - acetone =5:3) and recrystallized 
from ether to obtain 1.11 g of 2,6-dimethyl-4-(2-nitrophenyl) - 
l f 4-dihydropyridine-3,5-dicarboxylic acid bis(3-nitratopropyl) 
ester. 

m.p. 101 - 102,5 °C 
Example 8 

In 30 ml of isopropyl alcohol were dissolved 1 g of 2- 
nitratoethyl acetoacetate, 1.1 g of 3-nitratopropyl 3-amino- 
crotonate and 0.79 g of 2-nitrobenzaldehyde. The solution 
was treated in the manner described in Example 1 to obtain a 
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residue, which was then subjected to column chromatography on 
silica gel (eluted with n-hexane - acetone =5:2) and 
recrystallized from ether to obtain 1.11 g of 2, 6 -dime thy 1-4 - 
(2-nitrophenyl)-l,4-dihydropyridine~3,5-dicarboxylic acid 3- 
(2-nitratoethyl) ester-5- (3-nitratopropyl) ester, 
m.p. 120.5 - 121.5 °C 

Example 9 

-In 100 ml of benzene were dissolved 10 g of 2- 
nitratoethy acetoacetate, 7.91 g of 2-nitrobenzaldehyde and 
0.7 ml of piperidine. The solution was reacted under 
azeotropic dehydration for 1.5 hours, and poured into ice 
water. Dilute hydrochloric acid was added, and the mixture 
was extracted with ethyl acetate. The ethyl acetate layer 
was washed, in turn, with 15 % aqueous sodium hydrogen sulfite 
solution, 15 % aqueous sodium carbonate solution and saturated 
aqueous sodium chloride solution, and then dried over 
anhydrous sodium sulfate. Evaporation of the solvent gave a 
residue, to which 10.68 g of 3-nitratopropyl 3-aminocrotonate 
was then added. The mixture was heated at 75 -85 Q C for 4 
hours with stirring, to which ice water was poured. The 
mixture was extracted with dichlororae thane, and the 
dichlorome thane layer was washed with water and dried over 
anhydrous sodium sulfate. Evaporation of the solvent gave a 
residue which was then subjected to column chromatography on 
silica gel (eluted with dichloromethane) and recrystallized 
from ether to obtain 12.1 g of 2,6-dimethyl-4-(2-nitrophenyl)- 
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l,4-dihydropyridine-3,5-dicarboxylic acid 3-(2-nitratoethyl) 
ester-5- (3-nitratopropyl) ester, 
ra.p. 120.5 - 121.5 °C 

Example 10 

In 30 ml of isopropyl alcohol were dissolved 1.1 g of 
2-nitratopropyl acetoacetate, 1.1 g of 3-nitratopropyl 3- 
aminocrotonate and 0.79 g of 3-nitrobenzaldehyde. The 
solution was treated in the manner described in Example 1 to 
obtain a residue, which was then subjected to column 
chromatography on silica gel (eluted with n-hexane - ethyl 
acetate =5:1) and recrystallized from ether to obtain 1.22 
g of 2,6-dimethyl-4-(3-nitrophenyl)-l,4-dihydropyridine-3,5- 
dicarboxylic acid 3- (2-nitratopropyl) ester-5- (3-nitrato- 
propyl) ester. 

m.p. 82 - 83 °C 

Example 11 

In 100 ml of benzene were dissolved 6 g of 2- 
nitratopropyl acetoacetate, 4.42 g of 3-nitrobenzaldehyde and 
0.4 ml of piperidine. The solution was subjected to reflux f 
extraction, washing, dryness and evaporation of the solvent in 
the manner described in Example 8 to give a residue, to which 
5.97 g of 3-nitratopropyl 3-arainocrotonate was added. The 
mixture was treated in the manner described in Example 8 to 
give a residue, which was then subjected to column 
chromatography on silica gel (eluted with n-hexane - ethyl 
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acetate =5:1) and recrystallized from ether to obtain 7.7 g 
of 2 f 6-dimethyl-4-(3-nitrophenyl)-l r 4-dihydropyridine-3 f 5- 
dicarboxylic acid 3- (2-nitratopropyl) ester-5-(3- 
nitratopropyl) ester . 

m.p. 82 - 83 °C 

Example 12 

In 50 ml of isopropyl alcohol were dissolved 3.5 g of 

1- nitrato-2-propyl acetoacetate, 3.5 g of 3-nitratopropyl 3- 
aminocrotonate and 2.58 g of 3-nitrobenzaldehyde. The 
solution was treated in the manner described in Example 1 to 
obtain a residue, which was then subjected to column 
chromatography on silica gel (eluted with n-hexane - ethyl 
acetate =5:2) and recrystallized from ether to obtain 3.2 g 
of 2 / 6-dimethyl-4-(3-nitrophenyl)-l f 4-dihydropyridine-3,5- 
dicarboxylic acid 3- (l-nitrato-2-propyl) ester-5-(3- 
nitratopropyl) ester. 

m.p. 101 - 103 °C 

Example 13 

In 350 ml of benzene were dissolved 29 g of 1-nitrato- 

2- propyl acetoacetate, 20 g of 3-nitrobenzaldehyde and 1.9 ml 
of piperidine. The solution was subjected to reflux, 
extraction, washing, dryness and epvaporation of the solvent 
in the manner described in Example 8 to give a residue, to 
which 28.9 g of 3-nitratopropyl 3-aminocrotonate was then 
added. The mixture was treated in the manner described in 
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Example 8 to give a residue, which was then subjected to 
column chromatography on silica gel (eluted with n-hexane - 
ethyl acetate =5:2) and recrystallized from ether to obtain 
40.2 g of 2 r 6-dimethyl-4-(3-nitrophenyl)-l / 4-dihydropyridine- 
3,5-dicarboxylic acid 3- (l-nitrato-2-propyl) ester-5-(3- 
nitratopropyl) ester. 

m.p. 101 - 103 °C 

Example* 14 

In 50 ml of benzene were dissolved 4 g of 2- 
nitratopropyl acetoacetate, 2.9 g of 3-nitrobenzaldehyde and 
0.3 ml of piperidine. The solution was subjected to reflux, 
extraction, washing, dryness and evaporation of the solvent in 
the manner described in Example 8 to give a residue, to which 
3.5 g of 2-nitratoethyl 3-aminocrotonate was then added. The 
mixture was treated in the manner described in Example 8 to 
give a residue, which was then subjected to column 
chromatography on silica gel (eluted with n-hexane - ethyl 
acetate =2:1) and recrystallized from ether to obtain 2.1 g 
of 2 r 6-dimethyl-4-(3-nitrophenyl)-l,4-dihydropyridine-3,5- 
dicarboxylic acid 3-(2-nitratoethyl) ester-5-(2-nitratopropyl) 
ester. 

m.p. 89 - 91 °C 
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CLAIMS 

1. The compounds of the formula 




wherein "R is alkyl having 1 to 4 carbon atoms or nitratoalkyl 
having 2 or 3 carbon atoms, and R* is nitratoalkyl having 2 o 
3 carbon atoms. 



2. A compound according to claim 1 wherein R and R« , 

which may be the same or different, are each nitratoalkyl 
having 2 or 3 carbon atoms, and the nitro occurs at the 2- 
3-position of the phenyl ring. 



3. 2,6-diaethyl-4- (2-nitrophenyl)-l,4-dihydro-pyridine- 
3,5-dicarboxylic acid 3-(2-nitratoethyl) ester-5-(3-nitrato- 
propyl) ester 

4 . 2 , 6 -d ime thy 1-4 - ( 3-ni trophenyl ) -1 , 4 -d ihy dr o-py r id i ne- 
3,5-dicarboxylic acid 3-(2-nitratopropyl) ester-5-(3-nitrato- 
propyl) ester 
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